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Effectiveness of Percutaneous Coronary Intervention With 
Drug-Eluting Stents Compared With Bypass Surgery in Diabetics 
With Multivessel Coronary Disease: Comprehensive Systematic 
Review and Meta-analysis of Randomized Clinical Data 

Abdul Hakeem, MD; Nadish Garg, MD; Sabha Bhatti, MD; Naveen Rajpurohit, MD; Zubair Ahmed, MD; Barry F. Uretsky, MD 

Background— -Controversy persists regarding the optimal revascularization strategy for diabetic patients with multivessel coronary 
artery disease (MVD). Coronary artery bypass grafting (CABG) has been compared with percutaneous coronary intervention (PCI) 
using drug-eluting stents (DES) in recent randomized controlled trials (RCTs). 

Methods and Results — RCTs comparing PCI with DES versus CABG in diabetic patients with MVD who met inclusion criteria were 
analyzed (protocol registration No. CRD420 13003693). Primary end point (major adverse cardiac events) was a composite of 
death, myocardial infarction, and stroke at a mean follow-up of 4 years. Analyses were performed for each outcome by using risk 
ratio (RR) by fixed- and random-effects models. Four RCTS with 3052 patients met inclusion criteria (1539 PCI versus 1513 CABG). 
Incidence of major adverse cardiac events was 22.5% for PCI and 16.8% for CABG (RR 1.34, 95% CI 1.16 to 1.54, PO.0001). 
Similar results were obtained for death (14% versus 9.7%, RR 1.51, 95% CI 1.09 to 2.10, P=0.01), and Ml (10.3% versus 5.9%, RR 
1.44, 95% CI 0.79 to 2.6, P=0.23). Stroke risk was significantly lower with DES (2.3% versus 3.8%, RR 0.59, 95% CI 0.39 to 0.90, 
P=0.01) and subsequent revascularization was several-fold higher (17.4% versus 8.0%, RR 1.85, 95% CI 1.0 to 3.40, P=0.05). 

Conclusions— These data demonstrate that CABG in diabetic patients with MVD at low to intermediate surgical risk (defined as 
EUROSCORE <5) is superior to MVD PCI with DES. CABG decreased overall death, nonfatal myocardial infarction, and repeat 
revascularization at the expense of an increase in stroke risk. (J Am Heart Assoc. 2013;2:e000354 doi: 10.1161/ 
JAHA. 113.000354) 
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Patients with diabetes mellitus and coronary artery 
disease (CAD) often have severe and diffuse atheroscle- 
rotic involvement of multiple epicardial coronary arteries. 1 
Accordingly, a large proportion of diabetic patients require 
multivessel revascularization, either percutaneous coronary 
intervention (PCI) or coronary artery bypass graft surgery 
(CABG). 2 In an overall population, trials have suggested similar 
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outcomes in patients with low- to intermediate-risk SYNTAX 
Score with multivessel disease. 3 However, in the diabetic 
subgroup, older trials dating back several decades have 
suggested improved outcomes with CABG versus PCI. 4 A 
meta-analysis of randomized controlled trials (RCTs) of either 
balloon angioplasty or bare metal stents (BMS) versus CABG 
has demonstrated superior outcomes with CABG, 5 ' 6 largely 
related to the higher rate of in-stent restenosis and 
subsequent target vessel revascularization with PCI. 5 
Drug-eluting stents (DES) have shown consistent and robust 
efficacy in reducing in-stent restenosis and target vessel 
revascularization to single digits, even in the diabetic 
subgroup, without any effect on mortality and myocardial 
infarction (Ml) rates compared with BMS. 6 

Recent observational studies and a meta-analysis of these 
studies have suggested comparable outcomes of multivessel 
PCI with DES and CABG in diabetic patients. 7,8 Whereas 
observational data provide a "real world" perspective, these 
studies have fundamental limitations of selection bias for 
treatment allocation and confounding inherent to the obser- 
vational nature of the study. RCTs are the benchmark for 
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comparing the efficacy of treatments for a clinical condition. 
In this context, long-term results of RCTs comparing mul- 
tivessel PCI with DES versus CABG in diabetic patients have 
recently been published. A quantitative evaluation and 
synthesis of this information are essential in elucidating the 
optimal and most durable revascularization strategy in this 
patient group. We performed a comprehensive meta-analysis 
of these RCTs. 



Methods 

We developed a prospective protocol (registration No. 
CRD420 13003693) detailing the specific objectives, criteria 
for study selection, approach to assess study quality, 
outcomes, and statistical methods. This protocol was 
approved and registered at PROSPERO, 10 ' 1 1 the international 
database of prospectively registered systematic reviews 
(managed by the Center for Reviews and Dissemination). 

Search Strategy 

We performed a literature search from January 2003 to March 
2013 using PubMed, EMBASE, Cochrane Central Register of 
Controlled Trials, Google Scholar, and Internet-based sources 
of information on clinical trials (www.clinicaltrials.gov,www. 
tctmd.com,www.cardiosource.com). The Medical Subject 
Heading terms "coronary artery bypass grafting," "randomized 
controlled trials," "percutaneous coronary intervention," "drug 
eluting stents," "multi-vessel disease," and "diabetes" were 
used without language restrictions. Bibliographies of relevant 
studies and the "Related Articles" link in PubMed were used 
to identify additional studies. Published abstracts from annual 
meetings of the American College of Cardiology, American 
Heart Association, European Society of Cardiology, Trans 
Catheter Therapeutics, Society of Coronary Angiography and 
Intervention, and Euro Percutaneous Coronary Revasculariza- 
tion were reviewed, and if an abstract could be attached to a 
published article, that article was evaluated. However, in the 
absence of a full-length refereed publication, abstracts were 
excluded. Using this methodology, the only abstract used was 
the 5-year follow-up data of the CARDia (Coronary Artery 
Revascularisation in Diabetes) trial including full-text of the 
presentation slides at the 2012 European Society of Cardi- 
ology Scientific Sessions. Reference lists of review articles 
and cited articles were used to locate additional studies. For 
trials that were reported in >1 publication, we extracted data 
from the most complete publication and used other publica- 
tions to clarify data. Publications of the same trials, summa- 
rizing results at different lengths of follow-up, were also 
included to assess the temporal trends in outcomes between 
the 2 revascularization strategies. 



Data Extraction 

We extracted and presented data according to the Providing 
Innovative Service Models and Assessment (PRISMA) crite- 
ria. 12 Studies were selected and data were extracted 
independently by 2 reviewers (A.H. and N.G.). Disagreements 
were resolved by consensus. Studies were evaluated carefully 
for duplicate or overlapping data. Clinical variables included 
age, gender, diabetes mellitus, hypertension, left ventricle 
ejection fraction (LVEF) and duration of clinical follow-up. Raw 
data obtained from source information of the individual 
studies were used for all analyses. We also used the 
guidelines of the Cochrane Handbook for Systematic Reviews 
of Interventions for our meta-analysis. 13 

Selection Criteria 

Eligible trials had to meet the following criteria: (1) RCTs and 
prespecified RCT subanalyses comparing multivessel PCI with 
DES with CABG in diabetics and (2) reporting outcomes of 
death, Ml, stroke, and repeat revascularization. The primary 
end point was a composite of death, nonfatal Ml, and stroke 
(major adverse cardiac events [MACE]) as defined in the 
primary trials. Separate analysis was performed for individual 
end points of death, cardiovascular death, Ml, stroke, and 
repeat revascularization. 

Statistical Methods 

We used the risk ratio (RR) with 95% CIs as the metric of 
choice for all outcomes. Categorical variables were reported 
as percentages and continuous variables as meanistandard 
deviation (SD). Weighted means were used for the pooled 
estimates of continuous variables. The pooled RR was 
calculated with the DerSimonian-Laird method for random 
effects. 14 For all the treatment effects that were statistically 
significant, we determined the absolute risk reduction (ARR) 
or the absolute risk increase and the corresponding number 
needed to treat (NNT) or number needed to harm (NNH). To 
assess heterogeneity across trials, we used the Cochran Q 
via a Mantel-Haenszel test based on the pooled RR. 
Heterogeneity was also assessed by means of the I 2 statistic 
as proposed by Higgins et al 15 (determining the variance 
across groups as a result of heterogeneity instead of chance). 
Based on the I 2 statistic, values of 25%, 50%, and 75% were 
considered as yielding low, moderate, and high heterogeneity, 
respectively. 15 ' 16 Results were considered statistically signif- 
icant at P<0.05. A funnel plot and the adjusted rank 
correlation test were used to assess for publication bias 
with respect to the primary outcome of interest (MACE). With 
use of a funnel plot, the RR was plotted on a logarithmic 
scale against its corresponding SE for each study. In the 
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absence of publication bias, one would expect studies of all 
sizes to be scattered equally right and left of the line showing 
the pooled estimate of natural log RR. Begg's and the 
weighted regression test of Egger (PO.05) were also used to 
assess publication bias. 17 Sensitivity analysis was performed 
by evaluating the influence of removing individual studies on 
the pooled RR. Statistical analyses were performed with 
Revman software version 5.2.0 and Comprehensive Meta 
analysis (Biostat). 

Meta Regression Analysis 

Meta regression analyses 18 were performed to evaluate the 
comparative effectiveness of CABG versus PCI as a function of 
time in relation to the end points of MACE, all-cause mortality, 
Ml, and repeat revascularization. 



Results 

Four randomized trials comparing PCI with DES and CABG in 
diabetic patients with multivessel CAD met inclusion criteria 
(Figure 1). 19-25 Characteristics of trials and study partici- 
pants are summarized in Table 1. Tables S1 and S2 
summarize the study quality and key selection criteria of 
the included trials, respectively. The VA CARDS (Coronary 
Artery Revascularization in Diabetes) trial was severely 
underpowered and had to be terminated early because of 

24 

recruitment issues. 

There were a total of 3052 patients (1539 patients in the 
PCI arm and 1513 patients in the CABG arm). There were no 
differences (PCI versus CABG) in the weighted mean age 
(63.4 years versus 63.1 years), males (74.7% versus 74%), 
current smokers (18.3% versus 18.5%), mean time since 
diagnosis of diabetes (10.5 years versus 10.4 years), and 



Records identified through 
database searching 
(n = 85) 



Additional records identified 
through other sources 
(n = 25) 



Records after duplicates removed 
(n =109) 



Records screened 
(n = 75) 



Full-text articles assessed 
for eligibility 
(n=21 ) 



Records excluded 
(n = 54) 

Duplicate studies, observational 
data, and no comparison groups 



Studies included in 
qualitative synthesis 
(n = 7) 



Full-text articles excluded 
(n = 14) 

Review articles, editorials, meta 
analysis;, trial design publications 



7 articles included in qualitative and 
quantitative synthesis (Meta analysis) 

(4 unique trials) 



Figure 1. Study selection — flowchart depicts the selection of studies for inclusion in the meta-analysis. 
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Table 1. Characteristics of Included Trials and Participants 



Study Name 


SYNTAX Trial 19 


CARDia Study 20 


FREEDOM Trial 23 


VA CARDS 24 


Study type 


Subgroup analysis of RCT 
(noninferiority) 


RCT (noninferiority) 


RCT (superiority) 


RCT 


Study criteria 


De novo LM and/or 3VD 
randomized to PCI or 
CABG 


Diabetics with MVD 
or ostial/proximal 
LAD 


Diabetics with MVD 
>70% in >2 major 
epicardial vessels 
in >2 separate 
coronary artery 
territories 


Diabetics with MVD 
including the LAD or 
isolated proximal LAD 


Total No. of 

PPI natipntQ 


231 


256 


953 


101 


Tntal Mn nf 

1 ULCM IMU. Ul 

CABG patients 


221 




Q47 


Q7 


Recruitment 
period 


2005-2007 


2002-2007 


2005-2010 


2006-2010 


Age, y 


65.4±9.2 


64±8.7 


63.1 ±9.1 


62±7 


Female, n 


131 (29%) 


132 (25.9%) 


544 (28.6%) 


2 (1%) 


Current smoker, n 


71 (15.8%) 


122 (23.1%) 


298 (15.6%) 


48(24%) 


Prior Ml, n 


143 (32%) 


N/A 


487 (25.6%) 


63(32%) 


LVEF, n 


13 (2.9%)* 


4 (0.8%)* 


32 


32(1 6%) t 


Mean SYNTAX 
Score 


29±11.2 


N/A 


26.2±8.2 


22.1 ±9 


Mean euroSCORE 


4.0±2.7 


N/A 


2.8±2.5 


N/A 


Mp?m HhA1r % 
I VI ecu i nun 1 u, /o 


>7 t 


7 Q+1 


7.8±1 .7 


7.9±1 .7 


InQiilin iiqp n (°/n\ 

llloUIIII UoG, II \/0) 


AO 

tu.o /o 


1 <j£ \OI .U /0) 


U 1 O \Gl.. l t /O) 


QQ (A7%) 


Mppn fnlln\A/-im 
ivicdi i lunuvv up 

period, y 


o 


R 1 ^infprni lartilp rannp 
J.I ^ll I LCI LjUCll liic laiiyc 

3.8 to 5.4) 


? 8 /rannp 9 ^ in A Q\ 
o.o uaiiyc lu t.jjj 


0 
L. 


Follow-up 
completeness 


92.2% CABG; 98% PCI 


95% CABG; 96.8% PCI 


94.9% CABG; 91% PCI 


100% 


LIMA 


N/A 


94% 


94.4% 


100% 


No. of grafts 


N/A 


2.9 


2.9±0.8 


N/A 


IMU. Ul oLCIILo 


N/A 


o.u 




N/A 


Tntal Ipnn+h nf Qfpnt 

1 ULCM ICIiyLII Ul oLCIIL, 

(mean) § 


qq R-laq n mm 

OO.UZC+C7.U llllll 


71 mm 


or -| a o mm 

C.\J. I * I '-r.L. llllll 


N/A 


Patients with 3VD 


71% 


65% 


83% 


N/A 


Patients on 
DAPT at 1 y 


71.8% 


50.9% 


90% 


N/A 


Patients with DES 


100% 


69% 


100% 


95.5% 


Screened population meeting 
eligibility criteria and eventually 
randomized 


41% of screened patients 
were eligible and enrolled 


N/A 


1 0% of screened 
population met eligibility 
criteria and 5.7% of 
screened population 
was ultimately 
randomized 


9% of screened 
population met 
eligibility criteria and 
35% of eligible patients 
were enrolled 



RCT indicates randomized controlled trial; LM, left main; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft surgery; MVD, multivessel coronary artery disease; 
LAD, left anterior descending coronary artery; HbA1c, glycated hemoglobin; LIMA, left internal mammary artery; Ml, myocardial infarction; N/A, not available; LVEF, left ventricular ejection 
fraction; DAPT, dual antiplatelet therapy; DES, drug-eluting stents. 
*LVEF <30%. 
t LVEF <40%. 

■^Fifty-seven percent of patient had HbA1c >7%. 
§ PCI arm only. 
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insulin use (35.6% versus 34.4%). Weighted mean follow-up 
duration was 4 years (range 1 to 5 years). 

Outcomes 
Clinical End Points 

RRs and 95% CIs for clinical follow-up are presented in 
Figures 2 through 6. 

Primary End Point 

At a mean follow-up of 4 years, the primary outcome was 
22.5% in the PCI arm and 16.8% in the CABG arm (RR 1.34, 
95% CI 1.16 to 1.54, PO.0001). There was no significant 
heterogeneity with respect to the composite endpoint (/ 2 =0%, 
P=0.89) (Figure 2A). There was no evidence of publication 
bias for the primary end point both on visual estimation of the 
funnel plot and on Egger's regression analysis (P=0.45) 
(Figure 2B). Sensitivity analysis demonstrated that the supe- 
riority of CABG over PCI was most evident in the group with a 
high-risk SYNTAX Score with no statistically significant 



difference in outcomes in the low- and intermediate-risk 
SYNTAX Score groups (Table 2). 

Death 

The incidence of death was 1 4% in the PCI group and 9.7% in the 
CABG group with an RR of 1 .5 1 (95% CI 1 .09 to 2. 1 0, P=0.0 1 ) in 
the random-effects model, translating into a relative risk 
reduction of 51% for the end point of death with CABG 
(Figure 3A). There was moderate heterogeneity with respect to 
the end point of death among the trials (/ 2 =52%, P=0.89). 
Sensitivity analysis demonstrated that this heterogeneity in the 
point estimate of death was largely due to the VA CARDS trial. 
After exclusion of this trial, random-effects meta-analysis 
yielded an RR 1.36 (1.1 1 to 1.16) for death (P=0.03) with no 
residual heterogeneity (/ 2 =0%, P=0.53) (Table 2). 

Cardiovascular Death 

This end point was reported in 3 of the 4 included trials. The 
pooled incidence of cardiac mortality was 8.7% in the PCI 
group and 5.5% in the CABG group (RR 1.57, 95% CI 1.17 to 



(A) 

Study orSubgroup 



PCI CABG Risk Ratio 

Events Total Events Total Weight M-H, Random, 95% CI Year 



Risk Ratio 
M-H, Random, 95% CI 



FREEDOM trial 
SYNTAX TRIAL 
CARDIA Study 
VA CARDS 



200 953 146 947 56.2% 

54 231 39 221 15.5% 

68 254 52 248 21.1% 

25 101 18 97 7.3% 



1539 



1513 100.0% 



Total (95% CI) 
Total events 347 255 

Heterogeneity: Tau a = 0.00; Chi 2 = 0.12, df = 3 (P = 0.99); I 2 = 0% 
Test for overall effect: Z = 3.91 (P < 0.0001) 



1.36 [1.12, 1.65] 2012 

1.32 [0.92, 1.91] 2012 
1.28 [0.93, 1.75] 2013 

1.33 [0.78, 2.28] 2013 

1.34 [1.16, 1.54] 



0.01 0.1 1 10 100 

Favors PCI Favors CABG 



(B) Funnel Plot of Standard Error by MH log risk ratio 

o.o- 




-0.5 0.0 0.5 
MH log risk ratio 



2.0 



Figure 2. A, Major adverse cardiac events (MACE) — Percutaneous coronary intervention (PCI) vs coronary artery bypass graft surgery (CABG) 
for the risk of MACE. The Forest plot depicts the individual trials and subtotal risk ratios and 95% CIs comparing the outcome of MACE for PCI vs 
CABG. B, Publication bias — Funnel plot for assessment of publication bias of trials comparing PCI with CABG for the end point of MACE. The 
circles correspond to the treatment effects from individual trials, the central line shows the summary estimate, and the diagonal lines show the 
expected 95% CIs around the summary estimate. There is no evident asymmetry of the points in relation to the summary estimate that might 
indicate a relevant publication bias. MH indicates Mantel-Haenszel. 
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Table 2. Sensitivity Analysis 2 



Variable 




PCI 


CABG 


RR 


P Value 


Heterogeneity 


MACE based on 
SYNTAX Score* 


<22 (n=805) 


22.2% 


17.5% 


1.27 (0.96 to 1.68) 


0.09 


0%; /M).32 


23 to 32 (n=992) 


26.1% 


18.3% 


1.32 (0.86 to 2.02) 


0.21 


48%; P=0A6 


>33 (n=541) 


24.7% 


14.4% 


1.73 (1.21 to 2.46) 


0.003 


0%; /M).81 


After excluding 
VA CARDS Trial 


MACE (n=2854) 


22.4% 


16.7% 


1.34 (1.15 to 1.55) 


0.0002 


0%; /NJ.94 


Death (n=2854) 


13.5% 


9.9% 


1.36 (1.11 to 1.66) 


0.003 


0%; /M).53 


Ml (n=2854) 


10.6% 


5.3% 


2.01 (1.54 to 2.62) 


<0.0001 


0%; /M).83 


Repeat revascularization 
(n=2854) 


17.3% 


6.5% 


2.61 (2.09 to 3.2) 


O.00001 


0%; /NJ.89 



PCI indicates percutaneous coronary intervention; CABG, coronary artery bypass graft surgery; RR, risk ratio; MACE, major adverse cardiac events; Ml, myocardial infarction. 
* Pooled analysis (random-effects model) from SYNTAX (5-year follow-up) and FREEDOM (5-year follow-up). 



2.09, P=0.002) with no heterogeneity among the trials for this 
end point (Figure 3B). 

Myocardial Infarction 

The pooled Ml rate was 10.3% in the PCI group and 5.9% in the 
CABG arm yielding an RR 1.44, 95% CI 0.79 to 2.6, P=0.23. 
There was significant heterogeneity (/ 2 =75%, P=0.007) among 
studies with respect to this end point (Figure 4A). Sensitivity 
analysis showed that this was related primarily to the inclusion 
of theVA CARDS trial, where, unlike all othertrials, Ml incidence 



was higher in the CABG group (Table 2). The point estimate for 
Ml, after excluding the VA CARDS trial, reached statistical 
significance (RR 2.01, 95% CI 1.54 to 2.62, PO.0001) with no 
residual heterogeneity (/ 2 =0%, P=0.83). 

Stroke 

Stroke risk was significantly higher in the CABG group (2.3% 
versus 3.8%, RR 0.59, 95% CI 0.39 to 0.94, P=0.01) with no 
heterogeneity between trials for this end point (/ 2 =0%, 
P=0.94) (Figure 4B). 



(A) 

Study or Subgroup 



PCI CABG 
Events Total Events Total Weight 



Risk Ratio 
M-H, Random, 95% CI Year 



Risk Ratio 
M-H, Random, 95% CI 



FREEDOM trial 
SYNTAX TRIAL 
CARDIA Study 
VA CARDS 



114 953 

44 231 

37 254 

21 101 



83 947 37.7% 

26 221 25.9% 

32 248 26.4% 

5 97 9.9% 



Total (95% CI) 1539 1513 100.0% 

Total events 216 146 

Heterogeneity: Tau 2 = 0.06; Chi 2 = 6.28, df = 3 (P = 0.10); I 2 = 52% 
Test for overall effect: Z = 2.47 (P = 0.01) 



1.36 [1.04, 1.78] 2012 

1.62(1.03,2.54] 2012 

1.13 [0.73, 1.75] 2013 

4.03 [1.58, 10.27] 2013 

1.51 [1.09, 2.10] 




0.01 0.1 1 10 100 

Favors PCI Favors CABG 



(B) 

Study or Subgroup 



PCI CABG 
Events Total Events Total Weight 



Risk Ratio 
M-H, Random, 95% CI Year 



Risk Ratio 
M-H, Random, 95% CI 



SYNTAX TRIAL 
FREEDOM trial 
VA CARDS 



28 231 
73 953 
11 101 

1285 



13 221 21.1% 

52 947 70.9% 

5 97 8.1% 

1265 100.0% 



Total (95% CI) 
Total events 112 70 

Heterogeneity: Tau 2 = 0.00; Chi 2 = 1 .49, df = 2 (P = 0.47); I 2 = 0% 
Test for overall effect: Z = 3.03 (P = 0.002) 



2.06 [1.10, 3.87] 2012 

1.40 [0.99, 1.97] 2012 

2.11 [0.76,5.86] 2013 

1.57 [1.17, 2.09] 



0.01 



0.1 1 10 100 

Favors PCI Favors CABG 



Figure 3. A, Death — The Forest plot depicts the individual trials and subtotal risk ratios and 95% CIs comparing the outcome of death for 
percutaneous coronary intervention (PCI) vs coronary artery bypass graft surgery (CABG). B, Cardiac death — The Forest plot depicts the individual 
trials and subtotal risk ratios and 95% CIs comparing the outcome of cardiac death for PCI vs CABG. MH indicates Mantel-Haenszel. 
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(A) 

Study orSubgroup 



PCI CABG 
Events Total Events Total Weight 



Risk Ratio 
M-H, Random, 95% CI 



Year 



Risk Ratio 
M-H, Random, 95 



%CI 



FREEDOM trial 
SYNTAX TRIAL 
CARDIA Study 
VA CARDS 



98 953 

19 231 

36 254 

6 101 

1539 



48 
11 
16 



947 31.3% 
221 23.0% 
248 26.5% 



15 97 19.2% 



Total (95% CI) 1539 1513 100.0% 

Total events 159 90 

Heterogeneity: Tau 2 = 0.27; Chi 2 = 12.21 , df = 3 (P = 0.007); I 2 = 
Test for overall effect: Z = 1 .19 (P = 0.23) 



75% 



2.03 [1.45, 2.83] 2012 

1.65(0.80,3.39] 2012 

2.20 [1.25, 3.85] 2013 

0.38 [0.16, 0.95] 2013 

1.44 [0.79, 2.60] 



0.01 0.1 1 

Favors PCI Favrs 



10 100 
CABG 



o 

txJ 
i— i 
Q 
i— i 

% 

M 

CO 

H 
> 

n 



(B) 

Study orSubgroup 



PCI CABG 
Events Total Events Total Weight 



Risk Ratio 
M-H, Random, 95% CI Year 



Risk Ratio 
M-H, Random, 95% CI 



SYNTAX TRIAL 
FREEDOM trial 
VA CARDS 
CARDIA Study 



6 231 

20 953 

1 101 

8 254 

1539 



9 221 16.6% 

37 947 59.6% 

1 97 2.3% 

11 248 21.5% 



Total (95% CI) 
Total events 35 
Heterogeneity: Tau 2 = 0.00; Chi 2 = 0.42, df = 
Test for overall effect: Z = 2.46 (P = 0.01) 



1513 100.0% 



58 

3(P = 



0.94); I 2 = 0% 



0.64 [0.23, 1.76] 
0.54 [0.31,0.92] 
0.96 [0.06, 15.14] 
0.71 [0.29, 1.74] 

0.59 [0.39, 0.90] 



2012 
2012 
2013 
2013 



0.01 0.1 1 10 100 
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Figure 4. A, Myocardial infarction — The Forest plot depicts the individual trials and subtotal risk ratios and 95% CIs comparing the outcome of 
myocardial infarction for percutaneous coronary intervention (PCI) vs coronary artery bypass graft surgery (CABG). B, Stroke — The Forest plot 
depicts the individual trials and subtotal risk ratios and 95% CIs comparing the outcome of stroke for PCI vs CABG. MH indicates Mantel- 
Haenszel. 



Repeat Revascularization 

PCI was associated with several-fold higher risk of subsequent 
revascularization compared with CABG (17.4% versus 8.0%, 
RR 1.85, 95% CI 1.0 to 3.4, P=0.05) (Figure 5). Repeat 
revascularization was consistently higher in the PCI group in 
all studies except for the VA CARDS trial, which contributed to 
the significant heterogeneity (/ 2 =88%, PO.0001). Excluding 
this trial, the point estimate for repeat revascularization was 
RR 2.61(2.09 to 3.2, PO.0001) with no residual heteroge- 
neity (/ 2 =0%, P=0.89) (Table 2). 

Comparative Effectiveness of Revascularization 
Strategies Over Time 

Using data from publications of the included trials at varying 
follow-up times, 19-25 we were able to estimate the influence 



of time on the comparative advantage of one revascularization 
strategy versus the other. As seen in Figure 6A for the MACE 
end point, the advantage of CABG became statistically 
significant over PCI after 4 years of revascularization (pooled 
ARR 6%). Meta regression analysis confirmed the advantage of 
CABG over PCI in reducing MACE as a function of time 
(P=0.04) (Figure 6B). Similar trends were observed for end 
points of death, Ml, and repeat revascularization (data not 
shown). 



Discussion 

This study is the first comprehensive systematic review and 
meta-analysis of RCTs comparing PCI with DES versus CABG 
for revascularization of multivessel CAD in diabetic patients. 
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Figure 5. Repeat revascularization — The Forest plot depicts the individual trials and subtotal risk ratios and 95% CIs comparing the outcome of 
repeat revascularization for percutaneous coronary intervention (PCI) vs coronary artery bypass graft surgery (CABG). MH indicates Mantel- 
Haenszel. 
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Figure 6. A, Pooled (MH RR) MACE events at follow-up — Differences in pooled incidence (random-effects analysis) of MACE at different time 
points for percutaneous coronary intervention (PCI) vs coronary artery bypass graft surgery (CABG). B, Meta regression of time over log odds ratio 
for MACE — Meta regression plot for log odds ratio of MACE for PCI vs CABG as a function of time (in years). Markers above the regression line 
favor CABG and below the line favor PCI. The size of the data markers represents the weight of each trial. MH indicates Mantel-Haenszel; RR, risk 
ratio; MACE, major adverse cardiac events. 



In this meta-analysis comprising over 3000 randomized 
diabetic patients with multivessel disease (with the majority 
being 3-vessel disease), CABG improved survival, decreased 
Ml, and repeat revascularization compared with multivessel 
PCI with first-generation DES. After 5 years of follow-up, 
patients treated with CABG had a 6% ARR in the primary end 
point, which was a composite of death, Ml, and stroke 
(MACE), 4.4% ARR in total mortality, 3.3% ARR in cardiovas- 
cular mortality, and 11% ARR in repeat revascularization, 
corresponding to an NNT of 18 for prevention of 1 MACE 
event, NNT of 23 to prevent 1 death, NNT of 30 to prevent 1 
cardiovascular mortality, and NNT of 1 1 to prevent 1 repeat 



revascularization. CABG was associated with increased risk of 
stroke with an NNH of 58 treated patients for 1 additional 
stroke. 

The observed advantage of CABG was consistent among all 
trials for the primary end point of MACE with absolutely no 
heterogeneity observed (/ 2 =0%, P=0.83). Sensitivity analysis 
suggested that the CABG advantage was most pronounced in 
the high-risk SYNTAX Score group with no statistical differ- 
ence in outcomes for the intermediate- and low-risk SYNTAX 
Score patients. Sensitivity analysis found that heterogeneity 
for the end points of death, Ml, and repeat revascularization 
was mainly due to the inclusion of the VA CARDS trial. 24 This 
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trial had major issues with enrollment, with only 25% of the 
intended sample size being ultimately recruited and early 
termination at a mean follow-up of 2 years instead of the 
planned 3.7 years, leaving it severely underpowered (9.7%) for 
the primary end point, seriously putting into question the 
validity of its results (observed results could all have been due 
to chance alone). 24 Furthermore, the VA CARDS trial consti- 
tutes only 6.5% of the total weight to our meta-analysis. 
Repeating the analysis after excluding the VA CARDS trial 
demonstrates that CABG is superior at reducing nonfatal Ml 
(ARR 5.4%, NNT 18.5). 

Previous meta-analyses of RCTs comparing CABG versus 
PCI with BMS or balloon angioplasty have demonstrated 
improved outcomes with CABG (Table S3). Recent observa- 
tional studies and meta-analysis of studies comparing 
multivessel PCI with DES versus CABG have shown compa- 
rable outcomes with the exception of higher revascularization 
rates in the PCI arm. 5 ' 7 ' 8 ' 26 However, observational studies 
are inherently flawed with numerous biases, primarily selec- 
tion bias (patients who are sicker and who have more severe 
disease receive CABG). Hence, RCTs are the benchmark for 
establishing clinical efficacy and safety. 9 We observed a 
temporal association in the advantage conferred by CABG 
over PCI. The primary end point of MACE did not reach 
statistical significance until after 4 years of follow-up. How- 
ever, except for the first 30 days at no point was the event 
rate lower in the PCI compared with the CABG arm with the 
exception of stroke. At least until 3 years of follow-up, no 
statistically significant difference was observed in the hard 
end points of MACE. The durability of CABG became more 
manifest with the passage of time. 

Caveats 

This meta-analysis of RCTs clearly demonstrates superior 
long-term outcomes for diabetic patients with multivessel 
CAD with CABG compared with PCI. These findings, nonethe- 
less, must be interpreted in the context of the following 
important caveats. All trials included in this meta-analysis 
included a small fraction of the overall population screened 
(FREEDOM trial 5%, VA CARDS Trial 3%, SYNTAX Trial 41% 
overall, and diabetic subgroup 10.4%). Thus, the included 
trials enrolled highly selected patient populations, not neces- 
sarily typical of those encountered in everyday clinical 
practice. There were key exclusions common to all trials, 
including significant heart failure, cardiogenic shock, recent or 
acute ST-segment elevation Ml, and previous revascularization 
(refer to Table S2). Furthermore, the mean EUROSCORE 
(European System for Cardiac Operative Risk Evaluation) was 
3.5, which signifies a relatively low to intermediate surgical 
risk. Thus, results of these trials should be applied only to 
the included diabetic subgroups with caution warranted in 



extrapolating results to the excluded diabetic subgroups. In 
addition, these trials mostly used first-generation drug-eluting 
stents (sirolimus- and paclitaxel-coated stents). Whether 
CABG will continue to show superiority over PCI with 
newer-generation drug-eluting stents in diabetic patients is 
unknown. Recent data from a Swedish registry of >4700 
patients showed a lower event rate in diabetic patients with 
the use of second-generation stents (everolimus) compared 
with first-generation stents. 27 These results were mainly 
driven by a lower incidence of stent thrombosis and mortality 
with no significant differences in restenosis. Another impor- 
tant aspect is the duration of dual antiplatelet therapy (DAPT) 
in diabetic patients who undergo multivessel stenting. In the 
RCTs included in this meta-analysis, the duration was variable, 
ranging at 1 year from 50% in CARDia to 90% in the FREEDOM 
Trial. The suboptimal DAPT duration in some of these trials 
may have contributed to a higher Ml rate (stent thrombosis) or 
death, but it is unclear from our analysis as stent thrombosis 
was not an adjudicated end point in the trials. Furthermore, 
newer thienopyridines, including prasugrel and ticagrelor, 
were not used in these trials. It has been well established that 
prasugrel (and perhaps ticagrelor) has a particular advantage 
in the diabetic subgroup (52% relative risk reduction in ST 
compared with clopidogrel in the TRITON TIMI 38 [Trials to 
Assess Improvement in Therapeutic Outcomes by Optimizing 
Platelet Inhibition with Prasugrel-Thrombolysis in Myocardial 
lnfarction-38] trial). 28 " 30 

The major reason for long-term durability and improved 
clinical efficacy of CABG may be related in part to the 
"completeness of revascularization." Several studies have 
credibly demonstrated that incomplete revascularization (as 
reflected by the "residual SYNTAX Score" after revascular- 
ization) is an independent predictor of MACE and repeat 
revascularization. 31-35 None of the trials included in this 
meta-analysis evaluated the impact of degree of revascular- 
ization (and comparison between CABG and PCI) on 
outcomes. A recent post-hoc analysis from the 4-year 
outcomes of the SYNTAX Trial and Registry showed that 
angiographic complete revascularization was achieved in 
only 52.8% of the PCI arm and 66.9% of the CABG arm. 33 
Patients with incomplete revascularization had a significantly 
higher risk of death, Ml, and repeat revascularization in both 
the PCI and CABG groups; however, the magnitude of risk 
was much higher in the incompletely revascularized PCI 
group compared with the CABG group for all these end 
points. Interestingly, MACE rate was 14% in the completely 
revascularized CABG group compared with 17.2% in the 
completely revascularized PCI group at 4 years. 33 Will 
complete revascularization with new-generation drug-eluting 
stents with newer P2Y12 inhibitors yield comparable results 
to CABG? This important question will need to be confirmed 
in randomized trials. 
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Limitations 

As with any meta-analysis, the conclusions drawn from such 
data are subject to the limitations of the original studies. 
Patient-level data were not available precluding subgroup 
analysis. Similarly, due to the lack of patient-level data, we 
could not account for different follow-up times and for 
censoring or drop-out by performing any meaningful survival 
analysis. While we did perform appropriate statistical analysis 
to evaluate sources of bias and heterogeneity, there is no way 
to eliminate bias caused by the influence of unmeasured 
confounders or the presence of patients deemed to be 
ineligible for one of the procedures. 

Clinical Implications 

While the ease and minimal morbidity of PCI have a strong 
appeal to patients, families, and some physicians, current 
clinical approaches to the treatment of the diabetic patient 
with multivessel disease may exceed scientific evidence. The 
2011 American Heart Association/American College of 
Cardiology PCI guideline update recommends a "Heart 
Team" approach, with the implicit understanding that each 
patient's case takes into account surgical and interventional 
risks, long-term outcomes, and patient preferences. Based 
on the current study, CABG is preferred for the most 
favorable long-term outcomes in high-risk SYNTAX Score 
patients without high surgical risk. For patients with low-risk 
and possibly intermediate-risk SYNTAX Scores, PCI may be a 
reasonable primary strategy, given the early increased 
morbidity from surgery and the higher risk of stroke with 
comparable long-term MACE. The preferred strategy in 
diabetic patients with high surgical risk requires further 
study. 
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